Background The growth rate of Indonesian infants beyond six months of age declines compared with that of the international reference population.
U
ndernutrition is a problem in many developing countries contributing to an estimated 54% of child deaths. 1 The causes of undernutrition are complex and multifactorial; one of it is inadequate feeding. The main food of young children is breastmilk and complementary foods. Recently, an association between prolonged breastfeeding and malnutrition has been reported. The growth rate of breastfed infants declines after 6 months of age, [2] [3] [4] and continuation of breastfeeding beyond 18 months old increases the risk of stunting. 5 Further evidence reveals that undernourished children tend to be weaned older than other children. 6 Thus, prolonged breastfeeding is a response to poor growth. 7 However, faltering in growth is most evident during the age period in which complementary foods are given, which is probably inadequate. 8, 9 Moreover, breastfed children tend to decrease their intake of breastmilk when given complementary foods. 10 According to UNICEF, 65% of children in Indonesia are still breastfed at the age of 20-23 months. 11 The prevalence of underweight, stunting, and wasting in children under five years of age are still relatively high, i.e., 34%, 42%, and 13%, respectively. 11 The WHO recommendation stated that the older the child, the more nutritious the complementary food should be. 12 Generally, in developing countries, complementary foods are given insufficiently. 13 The inadequate density of complementary foods may cause undernutrition in young children. There is also lack of information concerning how sufficient complementary foods should be for breastfed infants, qualitatively and quantitatively.
In Central Java, Indonesia, childhood malnutrition is a public health problem. Stunting reportedly affects 40% of under-five children. 14 Breastfeeding is common and of long duration, but exclusive breastfeeding is rare and complementary foods, mostly plant-based, are introduced early. The plant-based diet contains little animal protein and low amounts of zinc, which places the infants at high risk of suffering from macro-and micronutrient deficiencies. 15, 16 This study aimed to determine the pattern of undernutrition in breastfed children and their intake of energy, protein, and zinc from complementary foods in Purworejo District, Central Java, Indonesia.
Methods

Study design and eligibility criteria
This was as a cross-sectional study carried out within a surveillance project of the Community Health and Nutrition Research Laboratories (CHN-RL) Gadjah Mada University. The study was conducted from September to December 1997 in Purworejo, an agricultural district in the southern part of Central Java.
Children aged less than two years who were breastfed in the period of the study were included. Children were excluded if they were born prematurely as defined by the mothers, had low birth weight, or had insufficient growth data.
Sampling methods and sample size estimation
A two-stage cluster sampling was done to obtain a sample of household representatives of the study area.
The sample size corresponded to approximately 10% of the population. The sampling frame for the first stage consisted of approximately 20% of census enumeration areas of the 1990 census. The frame for the second stage was the list of households in each enumeraton area, as used in the 1993 agricultural census. The sample was proportionate to the size of each area.
Subjects were recruited through the surveillance system. They were classified into the following age groups: 0-1, 2-3, 4-5, 6-8, 9-11, 12-17, and 18-23 months. The classification was based on the protocol for the complementary feeding study i.e., types, composition, and consistency of foods usually consumed by each age group. Approximately 100 children for each group were randomly selected from each enumeration area ( Figure 1 ).
Data collection
Subjects were visited every three months while data about vital statistics, demographics, and health were collected using a pre-coded questionnaire and a blank paper. Five trained field workers, all were high school graduates, interviewed the respondents (households). The following information was collected for each child, i.e., the identity of the child, anthropometric data (body weight and length), and 24-hour dietary recall for children aged more than 6 months.
Anthropometric measurements
Body weight was measured twice in naked condition, using a standard hanging Salter ® Scale (UK) or a Seca ® Digital Scale (Germany); its average rounded to the nearest 0.1 kg. Body length was measured three times in recumbent position (crown to heel) using a local-made wood length-board with a rigid head board and a sliding foot-piece. The average of the three measurements, rounded to the nearest 0.1 cm, was recorded. All equipments were standardized according to WHO recommendations. The measurements were conducted on the same day or at least within one week of the interview. The interview and anthropometric measurements were done at the respondent's house.
Dietary analysis
The 24-hour dietary recall was used to obtain information on dietary intake. Caregivers who fed FIGURE 1. SAMPLING PROCESS the child and/or prepared the food were interviewed to determine the amount of individual ingredients consumed from a homogenous recipe, the amount of each food item in the recipe, the total quantity of the recipe, and the amount of the recipe consumed. If the recipe was not homogenous, then the amount of each food item consumed was estimated separately. A set of common household measurements (cups, glasses, bowls, spoons, etc.) were used to estimate the amount of food items contained in a recipe and/ or consumed. A volumetric measurement was also used to estimate specific quantities, and a diet balance scale was used to estimate the amount of solid food items. If necessary, food models were used to assist recalls. In addition, one child from 
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each age group greater than 6 months was observed on a second occasion (at least two days after the recall) to estimate intra-individual variability in nutrient intake. Since the second year of life brings the most inconsistent results in nutritional status, 4,13 this analysis was only performed in children aged 11-23 months. The study was approved by the Ethics Committee of Gadjah Mada University, Yogyakarta, Indonesia.
Data analysis
Field supervisors monitored the quality and completeness of data. Ten percent of the households were randomly selected for spot-checking and rechecking of the data contents. Field supervisors also edited and cross-edited the questionnaires, and in case of incomplete data, also visited the households.
Nutritional status was expressed as z-score. It was also dichotomized into underweight and not underweight, stunted and not stunted, wasted and not wasted. The age groups were categorized into 0-5 months, 6-11 months, and 12-23 months. The frequency of breastfeeding was classified into 2 groups i.e., less than 8 times a day and 8 times or more a day. Parental education was categorized into education for 9 years or less and more than 9 years. Mother's occupation was categorized into housewife or working outside the house, while father's occupation was categorized into unemployed or employed.
Data were entered using dSurvey (dSurvey, a survey research system, 1989). Energy, protein, and zinc content of consumed foods were calculated using the International Minilist Database. Anthropometric indices (weight-for-age, heightfor-age, and weight-for-height) were converted to z-scores of the WHO-NCHS reference population using EPINUT (Epi Info 6, Center for Disease Control, USA).
Analyses were performed to determine the influence of age and sex on the outcome variables. Bivariate correlation was performed to see the association between the frequency of breastfeeding and nutritional status in the second year of life. The analyses were performed using Statistical Package for Social Science (SPSS) software version 9.0 for Windows.
Results
There were 717 children aged 0-23 months randomly selected by age groups (0-1, 2-3, 4-5, 6-8, 9-11, 12-17, 18-23 months) from the surveillance. More children from the 0-5 month age group were selected compared to those from the 6-11 and 12-23 age groups. Children born prematurely, those with low birth weight, and those not breastfed were excluded, leaving 597 children. Another 20 children were excluded due to insufficient growth data.
Baseline characteristics
The baseline characteristics of the subjects and their parents are presented in Table 1 . Mothers were mostly housewives (72.3%), followed by farmers (14.0%). The average age of mothers was 29.4 (SD 5.5) years.
Anthropometrical status
Anthropometrical status was stratified by age group and sex. The mean z-scores for weight-for-age, heightfor-age, weight-for-height of breastfed children decreased significantly by age (p<0.05). There was no growth difference in terms of z-scores between boys and girls ( Table 2 ). The lowest prevalence of undernutrition, defined either as underweight, stunted or wasted, was found in the youngest age group, and the prevalence increased with age ( Table 3) . Table 3 depicts that the prevalence of underweight increased with increasing age, i.e., 1.0% in 0-5 months of age, 4.8% in 6-11 months of age, and 26.5% in 12-23 months of age. A similar trend was also noted on the prevalence of stunted and wasted children.
There was no correlation between the frequency of breastfeeding in 24 hours during the second year of life and nutritional status, with rho Spearman's coefficient correlation of -0.08, -0.05, and -0.03 for weightfor-age, height-for-age, and weight-for-height, respectively (Figure 2 ).
Complementary food in breastfed children aged 12-23 months
Breastfed children aged 12-23 months had low intake of complementary food, however the calculation did not include the amount of nutrient intake from breastmilk. The average energy intake from complementary food was less than 50% of the Indonesian recommended dietary allowance (RDA), and zinc intake was less than 10% of RDA, while protein intake of complementary food was approximately 50% of RDA. The nutrient intake data was highly skewed ( Table 4) .
Median values were presented to estimate the central tendency of the complementary food. There was no information about missing data regarding food intake. The average complementary food intake in undernourished children (underweight, WAZ: weight-for-age * ANOVA for difference between age groups, p<0.05 HAZ: height-for-age ** ANOVA for difference between sexes, p>0.05 WHZ: weight-for-height stunted, and wasted) was lower than that of wellnourished ones (Table 5) , although it was not statistically significant.
TABLE 2. MEAN Z-SCORE FOR WEIGHT-FOR-AGE, HEIGHT-FOR-AGE, AND WEIGHT-FOR-HEIGHT BY AGE GROUPS AND SEX
Variable
Discussion
Several limitations of this study should be noted. The study sample was a sub-sample of the main study of complementary feeding in children under two years old conducted by CHN-RL. Of the 717 children in the sample study, we used 577 children after excluding non-breastfed, premature, low birth weight, and those with insufficient growth data. After deciding to use a cluster random sampling, the number of subjects in each group of study sample was estimated to be 100 children. This estimation brought the distribution of children's age to be unequal; more children under six months of age were selected. The small sample size decreased the precision of the study. Due to the cross sectional nature, we only collected dietary information once. Taking dietary history using the 24-hour recall method is simple, but a single measurement of feeding may associate poorly with the true dietary history of the child until the age of the interview. However, these limitations are compensated by several advantages of the CHN-RL surveillance system. The ages of children were known with precision. Also the anthropometric measurement and the 24-hour dietary recall were collected in a reproducible way.
The prevalence of underweight, stunting, and wasting in breastfed children below 24 months of age is lower compared to that of undernutrition in under five year olds from the same area reported by the Ministry of Health in 1999 i.e., 28%, 32%, and 10%, respectively. 17 The difference in prevalence is probably related to the fact that more undernourished children came from both breastfed and more non-breastfed children of under five years. It is probably due to breastfeeding which protects these children from suffering undernutrition. 18 Another possibility could be that they were fed inadequately in quantity and quality of the foods. This study also shows the prevalence of breastfed children which increases with age. This pattern is similar to the pattern of growth in breastfed children in other studies. 2, 3, 19 These studies emphasized that it was not breastfeeding per se which caused the growth faltering in prolonged breastfed children, rather that malnourished children were breastfed longer than their non-malnourished peers. 7, 20 Moreover, this study also reveals that there was no correlation between the frequency of breast-feeding and the nutritional status of the children over one year of age. The possible explanation is that breastfeeding is not the main cause of the undernutrition. Breastfeeding alone is not enough to satisfy the physiological requirement to maintain the growth of the child, adequate nutritious complementary food must be added in older children. 19 Poor complementary feeding among breastfed children is an important risk factor for malnutrition, 21 the density of the complementary foods are also an important role. The study demonstrates that the average intake of complementary food in children 12-23 months of age were below the Indonesian RDA. For children beyond 11 months of age, complementary foods have an important role in supplementing nutrients provided through the breastmilk. The proportion of energy intake of complementary food should be larger than that of breastmilk at that age. 23 Lack of nutrient intake from complementary food will have an obvious impact on the growth of children beyond 11 months of age.
In general, breastmilk consumption and energy intake from breastmilk decreases after 8 months of age.
However, regardless of the quantity of breastmilk intake, we find evidence that the intake of complementary foods in children beyond 11 months of age was very low compared to the RDA. In the following discussion, we describe the rough calculation of specific nutrient intake consumed by the children beyond 11 months of age. As WHO used the amount of nutrient intake from breastmilk to define the requirement of nutrient intake from complementary foods at different ages, 13 this following calculation also uses the reference of nutrient intake from breastmilk to estimate the total amount of nutrient intake of children beyond 11 months in this population. What is already known is that energy intake from breastmilk is on average between 300 and 350 kcal/d at 11-23 months. 23 To meet energy requirements, the estimated energy need from complementary foods is at least 750 kcal/d at 12-23 months, depending on the amount of breastmilk consumed. 23 A previous study conducted in the same area implied that the average energy intake from breastmilk in children 12-23 months of age was 397 kcal/d. 15 According to the Indonesian RDA, the need of energy intake in children aged 11-23 months is 1250 kcal/d. 24 Assuming that the energy intake from breastmilk is 350 kcal/d and the median energy intake from complementary foods is 374 kcal/d giving a median total energy intake of some 724 kcal/d, the children in our study have energy consumption below 60% of the Indonesian RDA. Also, according to the Indonesian RDA, 15 Assuming that the zinc intake from breastmilk is 0.76 mg/d and the median zinc intake from complementary foods is 1.11 mg/d giving a total zinc intake of about 2 mg/d, the children in our study had zinc consumption below 20% of the Indonesian RDA. The number of children who were breastfed less than eight times per day was low (8.7%) and the frequency of breastfeeding in the second year of life had no association with the nutritional status. But it should be noted that the study did not assess the children's effectiveness in sucking the breast. Hence, the possibility of sucking ineffectively among children beyond a year of age is still a factor that may influence the total amount of their nutrient intake. Nevertheless, even though the study did not assess the total amount of breastmilk intake, it is suggested that the problem should be focused on how well the complementary foods are given in breastfed children. Unfortunately, we used a simple design in our study, thus we have limitations on the recall of dietary history. One dietary recall does not reflect the real history of the of the child's complete feeding. It probably will reflect the real history of the feeding pattern if dietary recall is followed using longitudinal study. At any rate, the rough pattern of complimentary feeding can be used as a baseline figure describing complementary feeding in Purworejo. The average nutrient intake from complementary foods of children with undernutrition in this study was lower than that of nutrient intake in children without undernutrition. Thus, in order to obtain normal growth, children in this study area should be fed more nutritious foods.
Another result of this study shows that the prevalence of underweight and stunting in children 12-23 months old was higher than the prevalence of wasting at the same age, indicating that these children suffered from a more chronic state of undernutrition. In this population an increase in the prevalence of stunting may indicate poor socioeconomic condition. 22 It is probably due to the feeding practice using lower density complementary foods in Purworejo District which occurred for a long period of time. This represents a public health problem which deserves attention. Improving the socioeconomic conditions will influence the feeding practice in that population. Programs that prevent malnutrition and multi-sectoral collaboration should be addressed in order to improve the child health condition.
In summary, this study shows that breastfed children children at the age of 12-23 months were most likely to develop undernutrition compared to those <12 mo. In those 12-23 mo children there is no association between frequency of breastfeeding and nutritional status. However, this study did not assess how effective the children suck the breast. It may influence the total amount of nutrient intake. Moreover, the intake of complementary foods in the second year of life of the study subjects was below the Indonesian RDA, hence, in order to prevent growth retardation, promotion of nutritious and high density complementary foods should also be emphasized as well as breast-feeding, especially in children 12-23 months of age. The importance of adequate complementary feeding in the second year of life needs to be stressed in nutrition education programs. The intervention should focus on counseling the mothers which should be done each time a mother visits a health care system. Integrated Management of Childhood Illness (IMCI) may present a good way to achieve this; aside from guiding the management of ill children, it also covers how to counsel mothers on feeding problems in children. 1 
